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Why Measure the Top Quark Mass?

e '"Because it S§there” l
— George Leigh Mallory &
(when asked why climb Mt. Everest)

¥

* m,,isafundamental parameter of
the Standard Model

80.6

————
e When combined with precision |
electroweak data, constrains the -

mass of the elusive Higgs Boson
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Top Production and Decay at Tevatron

e Pair Produced
— g/anti-qg annihilation
— gluon fusion
— At Vs = 1.96 TeV

O _67+ o b

(for my,, = 175 GeV/c?)

'-"n”

e Decays before hadronizing Tee (U8

ot > Wb = mu-mu (¥ 81)
M tau-tau (1/ 81)
e Events classified by W decay

— "Lepton [e,y] + jets”(30% )

He-mu (2/8)
M e-tau (2/8))

ott —» blvbqgq’
i g ”iE0 B mu-tau (2/81)
— "Dilepton [e, 4] (5% ) |
ott - bliblv M e+jets (12/81)
— "All jets 7 (44% ) B mu-+jets(12/81)
E=ATgE See) B tau+jets(12/ 81)

— "Tau + X”(21%)

[Jjets (36/81])
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e Spherical, central events
— Decay within| n| < 2.0

e Two b quark jets with
high E;
— Identified by displaced
secondary vertex (“b-tag”)

e Additional energetic light
guark jets or leptons
from W decay

— Significant E from
undetected neutrino in
leptonic modes

e Possible additional jets
from initial or final state
gluon radiation

muon

ot 1(b i
Jet 1{ :'-‘.“ s
- 'hl
neutrino
antiproton - beam ‘ proton besm
@ i * ”
3 ’
w 9
Vi
neutrino - a - |
g o 2
electron Jet 2 (b)

Secondary
vertex

prompt tracks
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e Mass reconstruction done at
parton level but ...

» We detect missing transverse
energy not neutrinos

— P, unknown

— Ambiguity in m,,

e \WWe measure jets not quarks
— Measured energy has to be
corrected back to parton-level
e Limited jet energy resolution
e Imperfect jet energy scale
— Many possible jet-parton
assignments

e E.g. lepton+jets mode has 4
jets to be assigned to

b;,b,,9:,9;

jet

4! = 24 permutations

» Can be reduced if one
or more b’s are tagged
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Review of Run 1 Measurements

e Measurements of top
mass in all decay modes
were made by CDF & DO
with data from Run | of
the Tevatron

— For many years world
average was

em, =174.3 + 5.1 GeV/c?

top

e Recent, significantly
more precise DO
measurement

- my,= 180.1 + 5.4 GeV/c?
— Nature 429, 638-642 (2004)
— Comparable precision to

all previous measurements

combined

Bl

' Tewatron
Combined
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1
150 160 170 180 120 Z00
M e (Gev/c?)

168.4 +£12.8 Gev,/c’

173.3 &£ 7.8 Gev/c”

1721 £ 7.1 Gev/c?

1674 +£11.4 Gev/c*

176.1 £ 7.4 Gev/c®

186.0 £11.5 Gev /¢

176.1 £ 6.6 GeV/c?

174.3 + 5.1 Gev/c®

Dilepton

Leptan + jets

Combined

Dilepten

Lepton + Jets

All—Hadranic

Combined



;ﬁaﬁﬁﬁcam Efiect on Expected Higgs Mass

Mass of the Top Quark

o NeW World average Measurement Mip [GeVic?]

CDF di-I —.——i' 167.4 £11.4
— Migp = 178.0 £ 4.3 GeV/ c? DD dil — 8 168.4+12.8
—Changes Higgs mass o T 7o =T
D [+] o 1801+ 5.3
value favored by I e eiis
electroweak fits g X' 1 dof = 2614
m 113 Ge\// CZ TEVATRON Run-I —,— 178.0 % 4.3
o H ~ . . . . .
e Much less in conflict P e
with LEP limit on SM 6
Higgs TR - )
- m, > 114.4 GeVi/c? 1T Soomemsocoon
@ 95% CL 4—_ 8% e incl. low CF data —
(old value was 96 GeV/c?) < 3] i
2_ —
1_ . ]
0 | Excluded /< Preliminary
20 100 400
m,, [GeV]
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ﬁ—ﬁre does improved precision come from?

—
-
—

e Matrix Element ("ME")
analysis technique using
maximal event
Information

— Instead of using cross-
section as a prior
probability to predict a
final state

— Use cross-section as a
posterior probability for
likelthood of the measured
final state

Method (“*DLM")
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Likelihood for Final State
e.g. for given m,

X

Cross-Section
e.d. oy (M | Xi)

X

—

Measured Final State
e.g. blvbjj

Similar to Dynamical Likelihood

— 1988 by K. Kondo (J.Phys. Soc. 57, 4126)



e To measure a parameter a from N events
—Maximize likelihood given by L(a)=e "™ *T]P(x:a)

1=
where X; is a set of measured observables and P(x; ;a) is obtained from the
differential cross-section for the process as follows:

W(y,X) is the probability that a parton
level set of variables y will be measured

dne is the differential cross section as a set of variables x

_ | |
P(xia) == [d"o(y; ) doy oy (@) f@W(cy

f(q) is the probability distribution than a parton
will have a momentum ¢

e Detector resolution is accounted for in the “transfer function”, W(x,y)

e Detector acceptance is incorporated as Emeawred(x; o) = Acc(X) ﬁproducﬁon
e Background processes ME's are explicitly included in the likelihood

(X, )

K
For K-1 backgrounds, F)(X;Cl,...,CK ,0() = ZCI F?(X; 0!)
i=1
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0 Run | Top Mass Analysis Using MEMethod

* Analysis performed in lepton (e,p) + jets channel
— 22 candidate tl events with exactly 4 jets selected

'-'111”

e Signal Probability given by

L [d°Q Y 1M o (my,) [F 91 T) g vy (x, y)

P (x,mg)=
t1 P 12 o ¢ perm v la, [l q, |

e \With transfer function

WOxy) =6°(pe - PO W (BY ED[[0°@7 -1 5 1]

= = — 08}

— Electrons, angles considered — g6}

well-measured 0.4]

e Background model is 02|
VECBGOS W+jetS %65 170 175 180 185 190 . 195

Top quark mass (GeV/ c¢2)
I:%)()(7 Cl’ CZ’a) = ClF?[tbar (X, 0[) + CZPW+jets(X)
Mo, = 180.1+3.6(stat)£3.9(syst) GeV/c?
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e CDF & DO upgraded detectors
performing well

e Run Il Luminosity

— After slow start, both
experiments have recorded
nearly 0.5 fb-!

— Results with up to 200 pb-1
— Expect 4.4-8.5 fb-1 by end of
Run Il
eCurrently 85% of “Design

n

e Precision of Top Mass
measurements will soon be
limited by systematic
uncertainties

— Goal: dm,.. =~ 2-3 GeV

top
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FRun Il Top Mass Analysis Using DLM Method

B Analysis performed in lepton (e,n) + jets channel
— Require exactly 4 jets

e For ith event, likelihood is defined as
| 27"
(M) =237 [ F(Z,2,)f (Pr) M WL X |y Mgy )
I 1 UX v Y

PDFs LO ttbar

] Matrix Element _
o TW O Su m m atlons Over ‘._hjet response comparlson(FTt) |
. A2 TR
— Jet-Parton Assignments (I,) 018 I] 25<Ei<3s
. . o* 0.16] [ — 45<E1<55
— Neutrino Solutions (1) F 014 [ o
e Transfer Function w (X,y) 0.12 f — 5
0.1
= (Eparton'Ejet)/ Ejet 0.08; il
— Parametrized as function of E 0.06) [ |
T 0.04 [ l
and n = ijAgn
e Eﬂi |
— Computed separately for b and s, | S
Iig ht qgquar k jet S Ei(MC)-Et(Jet)/Et(MC)
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ﬁﬁTﬂiackground Mapping Function

e Background not included in likelihood
e Instead “"Mapping” Function used

- M

reconstructe

— Effective shift on reconstructed mass due

4= M

generated

to background measured in MC as a

function of background fraction

— Also incorporates mass dependence of
transfer functions

CDF Run Il Preliminary

= ] . Si nal —175 GeWc
S gl oL ghal M‘.." ___________________________________
o - :
G R e T |
& 1 7 miThRseg L T ey S
E" 1_...,... AT EEs TP WELREE S T ""+
< d : : Ink ~ SPang
= ] all combined | | @i 4 S Y
= _2L| 4 NonW R J— T....“.-.:.;.q N i E ".z%:.:i....
®» 1| o mistag : T SR ’f
(7] ] : o A 1
@ -3, Wee R — T ......... A
= 1|4 Wec Lo
_4, A SingleTop .............. J— F— .............. T
0 5 10 15 20 25 30 35 40
Background Fraction(%)
5-11 August 2004

2

Reconstructed top mass GeV/c
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- ]

— 5%

| — 15%
i|— 25%

Ef of the jet GeV/c 5

CDF Run Il Preliminary

-
[22]
q 1
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CDFRun Il Top Mass - DLM Results

e 22 ttcandidate events selected

Systematic
— 4.2 +1.2 estimated background Uncertainties | AM,,(GeVic®)
k d b Jet Energy Scale 5.3
® Top quark mass extracte Yy T N
minimizing A(Mtop)z—ZIn(HL‘(Mtop)j FSR 0.5
- gy PDF 2.0
0
and applying 19% background —— —
fraction mapping function Spin correlation 0.4
NLO effect 0.4
Maximum Likelihood Mass Bkg fraction(x 5%) 0.5
| CDF Run Il Preliminary (162 pb™) |~ M Frediction i
?ESignaI MC:m, = 1]!5(;;\;');(;(2 pb) Signal tthar(MC) Bkg MOdelmg 0.5
o 65 ¥ Data 22 events IMC 0.5
% 5 v Modeling(jet,UE)
0 ¢ o Transfer function 2.0
2 R E——
s vy
£ —

130140 150 160 170 180 190 200, 210 220
Maximum Likelihood M'rup (Gercz)
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COF Run 11 Top Mass - Template Method

CDF Run Il Preliminary

e Lepton+Jets Event Selection
— 1 e, mu with p; > 20 GeV/c
— 2>3.5jets with E; > 15(8) GeV
- E > 20 GeV
- >1b-tag

e Reconstruct invariant mass of top in
each event

— Compute %2 as follows:

pr. Z(pT pT +Z(U U)z Mw)2

|, jets GPT GPT 1—~2
i+ (MIV_MW)Z +<Mbjj _Mt)z +(MbIV_Mt)2
r’ I? [?

t

— Minimize with M, as a free parameter
for all parton aSS|gnment
permutations and two neutrino
solutions

t

. Hlstogram reconstructed mass with
smallest y?
— Build templates from MC for
» Signal process with different m,,
e Background processes

5-11 August 2004

2 100 150 200 250 D00

140 Ga¥ tagged mana tamplate

150 GaV¥ tagged maas template

160 GeV tagged masa template

Entriea 4812
Mean 1487
AME 28.85

E Entriea 5570
Mean 1545
AMS 2761

om0
Fecarmiructed mams Ge e

170 Ge¥ tagged maaa tamplate

100 =0 200 250 am as0
Recarmiructed mams [ Ge W]

180 GaV tagged maas template

Everrmi® GelWo™

- -1 T -

-}
T

£

Entriaa &520
1623
2924

Mean
AME

100 150 200 280 a0 as0
Recarmiructed mans (e We ]

190 GeV tagged masa template

E Entriea &272 Eﬂm_ Entries 5132 E‘n:of— Entrias 7805
E Mean 1674 g E Mean 1745 g..mf_ Mean 1811
E AMS 2959 e AMS  29.65 Booof AMS 3138
E é:m:_ émf_
E E sk
200k E
E 2w
ol E
E E 0of
I 1 = I I ok I I

0 1.0 200 20 am as0
Fecarmiructed mams e e

200 Ge¥ tagged masa template

00 1.0 200 a0 am as0
Recarmiructed mams (Ge W]

210 Ge¥ tagged maaa template

00 150 200 a0 300 as0
Fecarmiructed mams (e W]

220 Ge¥ tagged maas template

oo 1E0 20 o GW 3
Faecon P L e s ¢
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R =
oot rI LI e I {150 Wi

OO
Entriea 7H7& E Entriea 7348 2 E Entriea 7361
Mean 1572 &0 Maan 1945 oo Mean 2011
AMS  Anp AMS 333 g.mf_ AMS  34.35

1 4
2 100 150 2o 35D 300 350

et FI LI e 1 50 W]

Stacked background template

ol =

2 o04f Template source

Eoas] Bl vistags, 4-jet

i = : .

¥ o03f [ Mistags, 3.5-jet

Eo.zsé_ [ wib, 4-jet

"ot B Wb, 3.54et
o.15§ [_]1-top, s chan

100 150

200

B 1-top, t chan

CDF Run Il Preliminary

250 300 350 4
Reconstructed mass {GeV/c")
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;E‘Iﬂun I Top Mass - Template Results

t i - 1
» 28 [t candidate CDF Run Il Preliminary (162 pb™)
events selected .« 4 T —
~6.8+1.2 % o oo T
estimated E E ) signal + Brad T &
background = T4
< 55%5@ orly gf_"\/
g+ .0
e Extract top mass “ 4t 010 R devich’
— Compare 3
reconstructed 2r-
mass 1E s
distribution iIn § Y %
data (yellow) to % 80 100 120 140 160 180 200 220 240 260
signal & Reconstructed Mass(GeWcE)
background
templates
e Unbinned
likelihood fit
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COFRun Il Top Mass - Multivariate Method

e Another lepton+jets template

analysis
Nunnmiall By, =~ 100 H:H]"
e Reduces systematic Events
uncertainty 600
— Adjustable jet energy scale 500- Nl [RE]s
calibrated in W — qq’ decay 1 35% 13.8
400 23% 38.0
e Improves mass resolution e 43% 35.3
— Uses kinematic variables to i
determine probability that 200~
best y2results from correct i
jet-parton assignment 100
— Weight signal templates i
accordingly 0 T

\\‘\\\ \\\‘\\\\‘

50 100 150 200 250 300
|

e Augments reconstructed top o Tl O

mass with kinematic Correct permutation
Information to improve _ Incorrect permutation
signal/ background separation Incorrect jet assignment

— 2p; of 4 leading jets
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riate Templates

Scalar Sum of the Four Leading Jets Pt (GeV/c)

Good permutation, M = 150 Good permutation, M = 200 NonW Background
40
30
20
10

100 200 300 100 200 300 100 200 300

Bad permutation, M = 150 Bad permutation, M = 200 W4q Background

40
30

20

10
100 200 300 100 200 300 100 200 300

Incorrect jets, M = 150

Incorrect jets, M = 200 Whbb2q Background

40

30

20

10
100 200 300 100 200 300 100 200 300

Reconstructed Mass (GeV/cz)
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TOFRun 11 Top Mass — Multivariate Results

e —

"'11”

¢33 tl candidate ey COF Run Il profiminary, 162 ph™

events selected me;_ E_t;{ﬂ-j;wso GeWcﬁ_;
—Background fraction &% 1 W oo
determined by fit T o W ricage h

27 T :

o 4 i .

BN Nup || gonlimiunsg, DNE gB" - -

550 : T ) - ”|_Iﬂ .
e T |4, ;
450- ol gy v B g i e S .

. g |
100 150 200 250 300 350
Mmp(GeWc )

m =179.6"%5(stat) + 6.8(syst) GeV / c*

4 m Data (33 events)

° HERWIG tt MC,
Mtop = 180 GeV/c2

100 Lo e
e fr=0.34 = 0.14
100 150 200 250 300 350
.I.l I.IIIIII
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gﬁmmn Il ' Top Mass Analyses

‘s Non-Tagged Mass * Dilepton Mass

— Lepton plus jet events = Byt SEleeion

i e 2e, pwith p;> 20 GeV
without any b-tags e >2 jets with E; > 15 GeV

‘1]”

e Exclusive complement to b- e E >25Gev
tag sample — Top mass is under-constrained due
— Result will be combined to two v
with measurements from e Introduces the following constraint
tagged sample to kinematically solve the system
tf t f
CDF Il Preliminary (193.5 pb ") PZ = PZ + PZ =0
DDala(BDevenIs) .
1oBackgmund . = 1
. — Analysis was performed on 126 pb-
% g "y e Currently being updated to 193 pb-!
> [ 0.5
o o i} ey L8
2 L - 1.6:— CDF Run Il preliminary
= 7 84
a B e I @ NC (M, = 175 GeV)
e 4 s ¢ DATA
G N R 1
2l E’O.S}
I 5 05
I @ 0.6
r S o r
0 S E o4
100 150 200 250 300 350 2 \
Reconstructed Mass (GeV/c) '05 . | T
100 150 200 fnjaoss | Ge 600

m =179.173°(stat) +8.4(syst) GeV / ¢? m =175.0"}/ 1 (stat) +8.4(syst) GeV / ¢?
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Summary and Future Outlook

e Substantial recent progress in m

top
measurements

— DO Matrix Element technique

e Significantly more precise Run |
world average

— CDF preliminary m,, results with
Run Il data in lepton+jets and
dilepton channels

e DO Run Il measurements in progress

— Combined measurements soon
e Across decay modes
e Between experiments

e Both experiments now have ~5x
Run | dataset on tape

— Precision m,,, measurements in the
not too distant future

e Challenge will be reduction of jet-
energy scale systematic uncertainty

CDF Run 2 Preliminary

1 Dilepton 175.0 £10 3+ (L= 126pb7)

— & —
] Lepton+Jets: M., 0 b-tags 179.1+y7 £54 (L= 193007

[ s —_
1 Lepton+Jets: M., =1 b-tags 1749 +7-1+53 1= 162067)

1 Lepton+Jets: Multivariate 179.6 £55 £ 58 (L= 162007)

1 Lepton+Jets: DLM = .11'?.3: t‘;;” +52 (L= 162pb7)
7Run 1: CDF Lepton.+J.ets 1?6..1 j:Ej +23 (Runionly)
7Run 1: DO Lepton+Jets 180.1+35+33 (Runionly)
7 Run 1 World Average 178.0 £ 27 +33 (Runionly)

155160165170175180185190 195
Top Mass (GeV/czj

5-11 August 2004 C.S. Hill -Vth Rencontres du Vietnam



This document was created with Win2PDF available at http://www.daneprairie.com.
The unregistered version of Win2PDF is for evaluation or non-commercial use only.



http://www.daneprairie.com

